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▼It is important for the recent experimental strategies of
the molecular biology that gene expression profiles can
be detected at the translational level. An antibody that
is produced against a recombinant protein is a power-
ful tool for detecting the gene product. The recombinant
protein is usually expressed as a fusion protein that car-
ries a protein tag such as T7, His, maltose-binding pro-
tein or glutathione-S-transferase. Antisera or monoclonal
antibodies are then raised against the gene product us-
ing the fusion protein as an immunogen. However, un-
fortunately, it is difficult to produce good antibodies that
can be used for both immunocytochemistry and western
blotting.
Much effort has been made to improve the detection of
antigens that are difficult to detect on histological sections
(Ref. 1), because most antibodies are originally screened by
western blotting. However, little is known about how to
improve the detection of antigens with western blotting.
During the course of producing antisera and monoclonal
antibodies against several recombinant proteins, we found
that some antibodies recognize the native form of the re-
combinant proteins by dot-blotting even though they do
not recognize the protein bands on western blotting. In
this report, we describe an effective and convenientmethod
for restoring their antigenicities on western-blotting mem-
branes. Moreover, we show that, when analysing antibod-
ies, screening only with the usual western blotting can
fail to detect some good antibodies that can recognize
the native form of the gene product. The method de-
scribed here will help to increase the efficiency of antibody
production.
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1. Protocol
1.1. Western blots
Proteins separated in the SDS-PAGE gel were blotted onto
PVDF membranes (Immobilon-P, Millipore) by a semi-dry
blotting method.
1.2. Treatments of the membrane
For the microwave treatment, the membrane was soaked
in a microwave-safe container with ∼150 ml phosphate-
buffered saline (PBS; 137 mMNaCl, 8.1 mMNa2HPO4, 2.68
mM KCl, 1.47 mM KH2PO4), and irradiated in a house-
hold microwave oven at 500 W for 2 min. The container
was allowed to cool at room temperature. Using alternative
buffers, such as 1 mM EDTA (pH 8.0) or 0.1 M Tris-HCl (pH
8.0), produced no significant difference in our experiments.
For the formalin or the methanol treatment, the mem-
brane was soaked with 4% formalin solution (commercial
formalin solution was diluted to 4% final concentration in
PBS) or absolute methanol for 5 min.
For the microwave and formalin treatment, the mem-
brane was first treated with microwave and followed by
formalin treatment. Each condition of the treatment was
same as above.
1.3. Immunodetection
After each treatment, membranes were washed thoroughly
with PBS, followed by the immunological detection. The
NY4 ascite fluid (1:2000) or the anti-T7-tag antibody (No-
vagen: 1:10 000) were used for the first antibodies, and
the alkaline-phosphatase-labelled anti-mouse IgG+M an-
tibody (American Qualex, San Clement, CA, USA; 1:2000)
was used for the second antibody. For the colorimetric re-
action of the alkaline phosphatase, 4-nitroblue tetrazolium
chloride and 5-bromo-4-chloro-3-indolyl-phosphate were
used for the colour substrate. The colorimetric reactions for
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Fig. 1. Improvement of the detection of NY4 epitope. The full-length (F; red arrowheads) and the C-terminal half (C; black arrowheads) of recombinant
Ciona Y-box proteins (CiYB1), and the homogenate of Ciona gonad (G) were immunoblotted with NY4 monoclonal antibody (NY4). Total proteins of
bacterial lysates and Ciona gonad homogenates were stained with Coomassie Brilliant Blue (CBB). The blotted membranes were treated with microwaves,
methanol, formalin or microwaves and formalin, or were not treated. Empty and filled arrowheads represent insufficiently detected and sufficiently
detectable bands, respectively. Blue arrowheads indicate the endogenous CiYB protein band. (a) and (b) represent two independent experiments, which
showed consistent results. In each experiment, colorimetric reaction for developing signals was stopped at the same time. A degraded band derived from
the full-length protein (asterisks) is detectable without any treatment.
all the membranes were stopped at the same time in each
experiment.
2. Results
In this study, we used an ascidian maternal Y-box pro-
tein, CiYB-1 (Ref. 2), which has significant homology to
the Xenopus oocyte RNA-masking protein FRGY-2 (Ref. 3).
The full-length and C-terminal half of the CiYB1 bacterial
recombinant proteins were obtained as T7-tagged fusion
proteins and these were expressed using the pET expres-
sion system (Novagen, Madison, WI, USA). We produced a
monoclonal antibody, designated NY4, against full-length
CiYB1 recombinant protein. The NY4 antibody recognized
the recombinant protein when SDS was absent but not
in the usual western blotting. Moreover, the C-terminal-
half recombinant protein was not recognized by the anti-
T7-tag monoclonal antibody (Novagen) on western-blot
membranes.
We treated the PVDF membrane on which the recom-
binant proteins were blotted with several methods (Fig.
1). The NY4 antigen epitope was not detected with the
usualmethod of immunoblotting, although one proteolytic
band was weakly detected. The membranes treated with
formalin solution gave rise to strong signals. Microwave
andmethanol treatment yielded weaker signals. Microwave
treatment followed by formalin treatment was most effec-
tive for this epitope. These treatments did not enhance the
nonspecific signals, which were shown in the Coomassie
Brilliant Blue staining pattern (Fig. 1). Moreover, the com-
bination of formalin and microwave treatments enhanced
the recognition of endogenous CiYB protein by the NY4
antibody, whereas the NY4 antibody recognized the en-
dogenous CiYB1 weakly on the membrane processed using
the usual method.
Even with the T7 tag (Fig. 2), the antigenicity of the NY4
C-terminal-half recombinant protein was lost, but it was
kept in the full-length NY4. However, the antigenicity was
well recovered with the microwave, methanol or forma-
lin treatment. In this case, the combination of formalin
and microwave treatments had no obvious synergistic ef-
fect (data not shown).
Comparing Fig. 1 with Fig. 2 reveals that the microwave
treatment was effective for the T7-tag epitope but not for
the NY4 epitope. Moreover, using some other monoclonal
antibodies, the antigen epitopes recognized by these anti-
bodies lost their antigenicity with formalin treatment (data
not shown). The efficiency of the improvement of the anti-
gen detection thus depends on the nature of the antigen
epitope. The same conditions of restoring the antigenic-
ity on the western blot membranes had similar effects on
immunohistochemistry with the NY4 antibody (data not
shown). These results indicate that these treatments of the
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Fig. 2. Improvement of the detection of T7-tag epitope. The full-length (F; red arrowheads) and the C-terminal half (C; black arrowheads) of
recombinant Ciona Y-box proteins (CiYB1), each with which is fused T7-tag, were immunoblotted with anti-T7-tag antibody (Novagen). Total protein from
bacteria lysates was stained with Coomassie Brilliant Blue (CBB). The blotted membranes were treated with microwaves, methanol or formalin, or were
not treated. Open arrowhead represents the band, which failed to be recognized by anti-T7 antibody. Closed arrowheads represent detected bands. The
effects of the treatment are different between epitopes of the same protein (compare the bands of C on the microwave-treated membrane between Fig. 1
and Fig. 2).
PVDF membrane can be used to screen the conditions of
the fixation for immunohistochemistry.
This peer-reviewed article can be cited as: Matsugu, H.
and Nishikata, T. (2001) Improved antigen detection on
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